(12) INTERNATIONStAPPLICATION PUBLISHED UNDER THE PATENT ^OPERATION TREATY (PCT) 



M'® mM® 'a y MAR Mi 



(19) World InteUectuaJ Property 
Organization 

Internationa] Bureau 

(43) Internationa] Publication Date 
8 April 2004 (08.04.2004) 




(10) International Publication Number 

PCT WO 2004/029538 Al 



(51) International Patent Classification 7 : F41H 1/08, 5/04 

(21) International Application Number: 

PC17IL2003/000782 

(22) International Filing Date: 

30 September 2003 (30.09.2003) 



(25) Filing Language: 

(26) Publication Language: 
(30) Priority Data: 



English 
English 



152006 



30 September 2002 (30.09.2002) IL 



(71) Applicant (for all designated States except US): RABIN- 
TEX INDUSTRIES LTD. [EL/EL]; 28 Lechi Street, 51200 
Bnei-Brak (IL). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): KAPAH, Yoav {TUTL]; 
P.O.Box 389, 10600 Nahalal (IL). 

(74) Agent: REIN HOLD COHN AND PARTNERS; P.O.Box 
4060, 61040 Tel Aviv (IL). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD, GE, 
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, 
MN, MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, FT, 
RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, 
TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



00 
If) 



(54) Title: SHELL FOR BALLISTIC HELMET 

(57) Abstract: A shell for ballistic helmet formed from a plurality of paraaramide fabric layers such as KEVLAR-KM2®, and 
bonding resin. All fabric layers have areal density less than 200g/m 2 , preferably part of them have area! density less than 160g/m 2 . 
The number of paraaramide layers is greater than 28, preferably 38 and more. The bonding resin constitutes less than 12% of the 
shell weight. The shell has average thickness less than 6.5 mm and average areal density less than 7.5 Kg/m 2 . A method for the 
production of such shells includes pressing and bonding the plurality of layers at pressure equal to or above 150Kg/cm 2 preferably 
above 300Kg/cm 2 . 



10/529557 

JC1£Rec'd PCT/PTO 2 3 MAR 2005 

WO 2004/029538^^ PCML2003/000782 



1- 



SHELL FOR BALLISTIC HELMET 



FIELD OF THE INVENTION 

This invention relates to shells for ballistic helmets, and more particularly to 
helmet shells made of paraaramide fabrics such as Kevlar®, protecting from bullets 
and fragments. 

5 BACKGROUND OF THE INVENTION 

A shell for ballistic helmet is supposed to stop incident shrapnel fragments 
or bullets, thereby protecting the head of the user. Hie aim of shell design and 
manufacture is to obtain a shell providing required ballistic protection at minimal 
weight. The weight of the shell is of great importance because the helmet user 
10 carries it for long periods of time, and the lighter the helmet, the more it is 
convenient in use. 

The ballistic protection of the helmet is normally tested by the so-called V50 
test, 17 grain, according to known US and European standards. The test measures 
the velocity at which 50% of fragments pierce the helmet while 50% are retained. 
15 An average areal density of the shell material is the weight of the shell divided by 
its area. The ratio between the level of ballistic protection and the areal density is 
the decisive parameter determining the helmet quality, and in general if it is higher, 
then the helmet is better. This ratio is called protection coefficient: 

Protection coefficient = V50/areal density 
20 An additional parameter is the thickness of the shell. The smaller the 

thickness, the less awkward is the helmet and more convenient it is in usage. 

One of the most common technologies for production of ballistic helmet 
shells is pressure forming of the shells in a mold, from a stack of paraaramide 
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fabric blanks with bonding resin. The manufacturers are known to use up to 16-24 
layers of fabric with 220 to 300 g/m 2 areal density, and bonding resin in about 14- 
20% of the total shell weight. The stack of blanks soaked with resin is pressed in a 
mold at about 30-40 Kg/cm 2 pressure at temperature suitable for the resin 
5 polymerization. The obtained shells have more than 8-9 Kg/m 2 areal density, 7.5- 
9 mm thickness, and the shell weight is not less than 0.850 Kg. 



SUMMARY OF THE INVENTION 

In accordance with the present invention, there is provided a shell for 
10 ballistic helmet formed from a plurality of paraaramide fabric layers and bonding 
resin. The fabric layers have areal density less than 200g/m 2 , the shell has average 
thickness less than 6.5 mm and average areal density less than 7.5 Kg/m 2 . 
Preferably, part of the fabric layers have areal density less than 160g/m 2 , while the 
rest fabric layers have areal density between 200 and 160g/m 2 . The number of 
15 paraaramide layers should be greater than 28, preferably not less than 33, more 
preferably 38 and more, at least part of the layers having areal density not 
. exceeding 160g/m 2 . 

Preferably, the bonding resin constitutes less than 12% of the shell weight. 
The present invention is based on a surprising discovery of the inventors 
20 that, if in a shell for a ballistic helmet formed from a plurality of paraaramide fabric 
layers and bonding resin, considerably greater number of layers is used than that 
known heretofore with a lower areal density (weight) of the layers than that 
typically used in the practice, the shell yields the required ballistic protection at 
lighter weight than conventional helmet shells, or better ballistic protection with the 
25 same shell weight. Another contributing factor is the usage of layers with different 
areal density. 

According to another aspect of the present invention, there is provided a 
method for the production of shells for ballistic helmets from a plurality of layers as 
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described above, the method including pressing and bonding the plurality of layers 
at pressure equal to or above 150Kg/cm 2 , preferably above 300Kg/cm 2 . 

The composition and method of production according to the present 
invention provide for lighter helmets with better ballistic protection qualities. For 
5 example, a shell with less than 0.7 Kg weight and level of protection higher than 
V50 = 2000 fl/sec can be manufactured. 



DETAILED DESCRIPTION OF THE INVENTION 

One example of the material used for the production of a shell according to 
10 the present invention is a material made of 38-40 layers of KEVLAR®-KM2 
and/or other paraaramide fabric having areal density respectively 155g/m 2 and 
195g/m 2 and bound by bonding resin of about 10-12% of the shell weight The 
KEVLAR®-KM2 fabric is used mainly in the external layers of the shell. 

The above shell structure is manufactured by pressing the stack of blanks to 
15 6 mm thickness using pressures of 150 to 300Kg/cm 2 . 

A prototype ballistic helmet shell with the inventive structure, manufactured 
by the above method weights 0.7 Kg and provides for level of protection 
V50 = 2000 ft/sec. The area of the shell is about 0.1 m 2 . The average areal density 
20 of the shell is 0.7/0. 1 = 7 Kg/m 2 , and the protection coefficient is 2000/7 = 286. 
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CLAIMS: 

1. Shell for ballistic helmet formed from a plurality of paraaramide fabric 
layers and bonding resin, wherein said fabric layers have areal density equal or less 
than 200g/m 2 , said shell has average thickness less than 6.5 mm and average areal 

5 density less than 7.5 Kg/m 2 . 

2. Shell according to Claim 1, wherein at least one of said fabric layers has 
areal density less than 160g/m 2 . 

3. Shell according to Claim 1, wherein part of said fabric layers have areal 
density less than 160g/m 2 and the rest fabric layers have areal density between 200 

10 and 160g/m 2 . 

4. Shell according to Claim 2, wherein part of said paraaramide fabric layers 
are KEVLAR-KM2®. 

5. Shell according to Claim 1, wherein said bonding resin constitutes less 
than 12% of the shell weight. 

15 6. Shell according to Claim 1, wherein said plurality of layers is greater than 
28. 

7. Shell according to Claim 6, wherein said plurality of layers is not less than 
33. 

8. Shell according to Claim 7, wherein said plurality of layers is not less than 
20 38. 

9. Shell for ballistic helmet formed from a plurality of paraaramide fabric 
layers and bonding resin, wherein said plurality of layers is greater than 28 and said 
shell has average thickness less than 6.5 mm. 

10. Shell for ballistic helmet formed from a plurality of paraaramide fabric 
25 layers and bonding resin, wherein said plurality of layers is not less than 38. 

11. Shell for ballistic helmet formed from a plurality of paraaramide fabric 
layers and bonding resin, wherein said fabric layers have areal density less than 
200g/m 2 , and said plurality of layers is greater than 28. 



WO 2004/029538 




PCT/IL2003/000782 



-5- 



12. Shell for ballistic helmet fonned from a plurality of paraaramide fabric 
layers and bonding resin, wherein said plurality of layers is greater than 28 and said 
shell has average areal density less than 7.0 Kg/m 2 . 

13. Method for production of shell for ballistic helmet according to anyone of 
5 the preceding claims, including pressing and bonding of said plurality of layers at 

pressure equal or above 150Kg/cm 2 . 

14. Method according to Claim 12, wherein said pressure is equal or above 
300Kg/cm 2 . 
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